In this paper, an algorithm was proposed to define the integral quality coefficient of real estate (on the example of office centers) according to a property tree in the framework of qualimetric modelling. The aim of the paper is an attempt to apply qualimetric methods to evaluate the investment attractiveness of real estate property.
Introduction
Management decisions in the sphere of attracting investments in the construction, modernization and reconstruction of the real estate property, as a rule, are made on the basis of indicators of the efficiency and profitability of the undertaking. In this paper, the investor-friendly usage of a real estate property will imply the most efficient usage of the land plot and improvements. I.e. an effective option is a probable, legal, physically possible, economically feasible and financially viable option that leads to the maximum productivity and higher value of the real estate object.
Profitability (or rate of return on capital), as a major criterion of investment attractiveness, depends mainly on the qualitative and quantitative properties of the object itself. The construction of the dependence between the rate of return on capital and the main characteristics of an object will allow analysts to determine the optimal set of the property characteristics when profitability is maximal.
The paper proposes to change the set of descriptive characteristics of the real estate property by the integral quality coefficient of the object which was determined by the qualimetric modelling www.degruyter.com/view/j/remav vol. 26, no. 2, 2018 technique (OZEROV 2007) .
Qualimetry is a scientific discipline which studies the methodology of the quantitative measurement of the quality of various objects. It is based on the modern methods of assessing the quality and technology level of products (LOBANOV 2014; POLTAVSKIY et al. 2016; NAZAROV, KRUSHNYAK 2006) and intangible assets (SUDYN 2015) . Qualimetric modelling can be applied in the real estate property valuation along with other methods (PAGOURTZI et al. 2003; LIESER& GROH 2014) .
A qualimetric model is a hierarchical, multi-level model of the quality of an object -a so-called property tree (AZGALDOV 2015) . It combines properties, weighting factors, rejected (the lowest possible) and referenced (the maximum possible) values for all properties, and a method calculating the integral quality coefficient (IQC) or quality evaluation method. The methodology of qualimetry can be found in Azgaldov's works (2008, 2011, 2015) .
The qualimetric model reflects an opinion of experts (expert method applied in the article of NIKISHINA, MORGUNOVA 2016). Verification of this opinion is carried out by describing the property tree of objects with known indicators of rental rates (or of the rate of return). When the integral quality coefficient is received for each object of the sample, the dependence of the indicator on the calculated ratio is built. The construction of a significant regression dependence demonstrates the applicability of this qualimetric model in practice.
Methodology of the qualitative evaluation of office centers
To start developing a property tree for high-classes office centers ("A" and "B" classes), it should be noted that a qualimetric model for this specified market segment has already been described (KUZNETSOV 1999; ANTONOV et al. 2006; CIESLAK et al. 2014; MIRZOYAN 2015) . The novelty of the proposed model is that, when constructing a three-level property tree and developing a scale for each simple characteristic from the rejected to the referenced object, the following were taken into consideration:
- Affiliate Network). The hierarchical structure of the property tree reflects the interaction and interdependence of simple and complex properties. The weighting factors were rated for each tier of the hierarchy while creating the property tree. The designed system of preferences of some properties of an object over others makes it possible to take into account the subjective attitude of experts to selected price forming factors. The final adjusted weight of each property was determined as the product of the weights of the first and second level. The hierarchical structure and the weighting coefficients assigned by the experts to each of the selected factors has been presented in Table 1 .
Ten office centers of the "A" class and twenty office centers of the "B" class in St. Petersburg (Russia) were described according to this property tree. The actual rental rates for each sampled object were obtained for the second quarter of 2016 (survey of Maris | Part of the CBRE Affiliate Network). The integral quality coefficient (further IQC) was defined to reflect the quality of the object as a set of its properties. The IQC takes a value from 0 to 1. This parameter is calculated by "convolution" of the indicators of individual properties by using the weighted average arithmetic mean formula:
where K ij -a relative parameter of the property (factor), j = 1, ..., m; m is the number of the object; G i -weight of the i-th price forming factor (i = 1, …, n; n -the number of object properties).
www.degruyter.com/view/j/remav vol. 26, no. 2, 2018 The relative measure of the property (K ij ) is computed by the formula:
where Q ij -absolute index of the i-th price forming factor (elementary or simple property) of the j-th evaluation object; q rej i -rejected value of the indicator, defined as the lowest of all possible values; q ref i -reference (benchmark) value of the indicator, defined as the best of all possible values. Presented below is a scale which was developed to measure simple properties Q ij for an office center on the basis of Table 1 . For example, the distance from the city center is assumed to be measured in meters in a straight line from the office center to the center of the city. In this case, the reference business center will be located in the area of the city center and the reference value of this indicator for such an object (q ref i ) will be taken as equal to zero. The rejected value of the indicator (q rej i ) will be equal to the maximum possible distance from the business center to the center of the city in meters. In this research, this corresponds to 20,000 meters or more. In the same way, the distance from the underground station is convenient to estimate in meters in a straight line for model design. The benchmarked object is situated near an underground station and the distance is assigned to zero meters, or there is an adequately organized shuttle-bus service for this object. If the distance from the nearest underground station to the office center building is equal to 6,000 meters or more, then it is the rejection object.
The age of a building serving as an office facility is convenient to measure in years when constructing the qualimetric model. A reference value for the object, with a maturity of up to one year, is coded as "0". Then the code increases depending on the actual operating period: 10 years or more corresponds to the rejected value of this indicator for the object.
It is proposed to use a nominal scale to describe a simple property of the object. In this case, the maximum possible code is given to the reference object, while a value of zero is assigned to the rejected one. For example, vehicle and public transport access to a building is possible to estimate on a scale from "0" -very inconvenient that corresponds to the rejected object to "5" -very convenient access that corresponds to the reference object. The value of the highway classified according to vehicle traffic is also proposed to be encoded on a scale from "0" to "5".
Parking as the most significant factor for office centers is proposed to be expressed as: "0" -non-existing, which corresponds to the rejected object; "1" -surface unsecured guest parking with a parking ratio of more than 100 (for example, one parking space per 100 sq. m of a rentable area); "2" -surface unsecured guest parking with a parking ratio of less than 100 (for example, one parking space per 70 sq. m of a rentable area); "3" -surface secured parking with a parking ratio of more than 100; "4" -surface secured parking with a parking ratio of less than 100; "5" -underground parking or multilevel parking with covered walkway to the building, with a parking ratio of more than 100; "6" -underground parking or multilevel parking with covered walkway to the building with a parking ratio of less than 100, corresponding to the reference object.
Level of interior finish in modelling is presented in four groups: "0" -rough finish (aligned walls and floors) refers to the rejected object, "1" -office fit-out requiring repair, "2" -classic office finish (painted walls, Armstrong metal ceiling, trim flooring: carpet or linoleum, gypsum plasterboard or glass partitions), "3" -expensive high-quality modern finish corresponding to the reference object. The estimation of the air-conditioning system also can be divided into four groups: "0" -system is absent (the rejected object); "1" -part of the premises is equipped with air-conditioning (split-systems); "2" -all of the premises are equipped with air-conditioning (split-systems); "3" -central air-conditioning (the reference object). The reference object is equipped with modern high quality speedy lifts of major international brands. Intermediate codes are assigned to buildings equipped with modern lifts, but of insufficient quantity, and with outdated lifts. The rejected value is given to buildings higher than 3 floors without lifts.
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The rejected value for some properties of the object is possible to estimate with a score equal to "1". Thus, it is proposed that the area of business activity is encoded depending on the environment of the object:
Index "1" is when there are objects that can have a negative impact on the image of a nearby building (for example: a functioning industrial buildings, cemeteries, landfills, prisons, etc.). Such an environment corresponds to the rejected object;
Index "2" refers to an environment that has a neutral impact onto the office center (sleeping areas of the city, residential development); Index "3" signifies an environment that positively affects the object (developed area of business activity). Good building location corresponds to the reference object.
The power supply system is characterized by the classification of the Guild of Property Managers and Developers (GMD) that highlights three categories of reliability.
As far as the ceiling height is concerned, the reference value is assigned to objects that are over 3.0 meters high, an intermediate value is in the range of 2.6-3.0 meters, while for the rejected object -it is up to 2.6 meters.
The occupancy of the reference office center should be more than 90%; an intermediate value is from 60% to 90%. And the object will be considered as rejected if its occupancy is less than 60 %.
Properties such as "Ventilation system", "Floor depth", "Organized staff cafeteria", "Prestige of the building", "Historical status of a building", "Anchor tenants", "Fame and professionalism of the property management company", "Number of buildings under management" enter the qualimetric model as Code "0" to the rejected object, and as Code "1" to the reference object.
For example, the ventilation system can be presented by two groups: 1) the natural system and 2) the central supply and exhaust ventilation system.
Floor depth from window to window of up to 22 meters is more convenient when planning internal office space and for further exploitation. This characteristic is therefore related to the reference object. If this option is more than 22 meters, then business center can be attributed to a group of the rejected objects.
It is possible to speak about the prestige of the building if a property is well-known to a wide range of potential consumers of business center services. The higher status of the reference building "with a history" and the presence of anchor tenants (or the well-known companies in the market) allow the property to be shown more profitably during its market promotion. Fame and professionalism of the property management company for the reference object are determined when this object is managed by a famous well-organized or relevant international experienced property management company (or the owner) that has been working on the market for more than 3 years. If a professional property management company has more than 5 buildings under management (not less than 5,000 sq. m each), this allows them to reduce operating costs.
The resulting property tree will help to describe any business center in the chosen market. The convolution of the individual properties according to Formula (1) will allow us to calculate the IQC of any object by comparing its properties with the parameters of the reference and rejection objects that have been shown in Table 1 . As mentioned above, the integral quality coefficients were calculated for ten office centers of the "A" class and twenty office centers of the "B" class on the basis of the property tree shown in the Table 1 . The market rental rates are known for these objects. Rental rates of sampled objects and the integral quality coefficients calculated for these objects by Formula (1) are correlated in Figure 1 .
The conclusion that the market confirms the selection of price forming factors selected for the qualimetric model was made on the basis of a high determination coefficient of regression of the office center sample rental rates from the IQC of the object. Thus, the linear function and confidence interval presented in Figure 1 can be used to determine the market rental rate for "A" and "B" class office centers.
It should be noted that class "A" office centers have an IQC in the range of 0.83-0.9. This means that the offered property tree allows professional real estate market participants to adjust the class of office centers stated by the owner.
Qualimetric modelling is proposed for use in the assignment of rates of return on capital (PUPENTSOVA 2007) . Let us explore the application of the above-presented property tree (Table 1) In this research, cash flows from rental income were constructed and the resulting internal rate of return (IRR) was received for thirty business centers to which the offer price and rental rate were known. The formula for calculating the internal rate of return is given in the former publications (PUPENTSOVA 2007, p. 48) .
The obtained values of the integral quality coefficients resulted in the dependence which is shown in Figure 2 below, where the internal rate of return of the sampled business centers is shown on the Yaxis, and the IQC is shown on the X-axis.
A clearly expressed dependence of the rate of return on capital from the IQC of the object is recommended in order to assign a rate of return on invested capital in the analyzed market segment. Fig. 2 . The dependence between the rate of return on capital and IQC. Source: own study.
Discussion of the results and conclusions
Thus, the integral quality coefficient of the object calculated on the basis of the property tree shown in Table 1 can act as a criterion for the investment attractiveness of the object. Moreover, the analysis and processing of the market information have shown that an upgrade of the class and improvement of the qualitative characteristics of the object increase its rental yield (profitability), i.e. the higher the integral quality coefficient of the object, the higher its rental rate and, consequently, its investment attractiveness.
It is proposed that a rapid assessment of the investment attractiveness of real be carried out using the regression equations presented in Figures 1 and 2 . The integral quality coefficient of the evaluated object obtained on the basis of the property tree is substituted in the equation shown in Figure 1 . As a result, the rental rate is determined, influencing the projected revenue and profit opportunities of the object. And vice versa, if the rental income is attractive to the investor, it will determine the set of characteristics of the future object.
The dependence obtained in Figure 2 will allow investors to determine the optimal set of the features of the designed property at which rental yield is maximal.
The confidence interval calculated for the regression of the internal rate of return on the project from the integral quality coefficient of the object can be used by professional real estate market participants in risk analysis when constructing possible scenarios for an investment project.
